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INTRODUCTION 
 
Esophageal cancer (EC) is the seventh most common 
cancer type and sixth leading cause of cancer-related 
deaths worldwide [1]. The two major histological 
subtypes of EC are esophageal squamous cell 
carcinoma (ESCC) and esophageal adenocarcinoma 
(EAC). ESCC accounts for more than 90% of EC cases 
in China [2]. With the prevalence of neoadjuvant 
chemoradiotherapy, the five-year survival rate of ESCC 
is greater than 30% [3]. There is thus an urgent need to 
identify novel prognostic biomarkers and therapeutic 
targets associated with ESCC progression. 

Long non-coding RNAs (LncRNAs) are a group of 
non-coding RNAs that are longer than 200 nucleo-
tides. They play a significant role in tumorigenesis by 
regulating the expression or function of their target 
genes through epigenetic transcriptional regulation, 
protein modifications, or formation of lncRNA-
protein complexes [4–9]. LncRNAs regulate 
expression levels of specific miRNA-targeted genes 
by acting as sponges for their target microRNAs 
(miRNAs) [10, 11]. Previous studies have 
demonstrated the critical role of lncRNAs in ESCC 
progression. For example, lncRNA sponging of miR-
224, TUSC7 suppresses chemotherapeutic resistance 
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ABSTRACT 
 
We investigated the role of long non-coding RNA (lncRNA) LOC146880 in esophageal squamous cell carcinoma 
(ESCC). LOC146880 was significantly upregulated in ESCC tissues (n = 21) and cell lines compared to the 
corresponding controls. Higher LOC146880 expression correlated with poorer overall survival (OS) of ESCC 
patients. Moreover, CREB-binding protein (CBP) and H3K27 acetylation levels were significantly higher in the 
LOC146880 promoter in ESCC cell lines than in the controls. LOC146880 silencing inhibited in vitro proliferation, 
invasion, migration, and epithelial-mesenchymal transition of ESCC cells. LOC146880 silencing also induced 
G1-phase cell cycle arrest and apoptosis in ESCC cells. Bioinformatics analysis, dual luciferase reporter assays, 
and RNA immunoprecipitation assays showed that LOC146880 regulates FSCN1 expression in ESCC cells by 
sponging miR-328-5p. Moreover, FSCN1 expression correlated with activation of the MAPK signaling pathway in 
ESCC cells and tissues. In vivo xenograft tumor volume and liver metastasis were significantly reduced in nude 
mice injected with LOC146880-silenced ESCC cells as compared to those injected with control shRNA-
transfected ESCC cells. These findings show that the LOC146880/miR-328-5p/FSCN1/MAPK axis regulates ESCC 
progression in vitro and in vivo. LOC146880 is thus a promising prognostic biomarker and potential therapeutic 
target in ESCC. 
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in ESCC cells by modulating the DESC1/EGFR/AKT 
pathway [12]. And by sponging miR-214, LncRNA 
HNF1A-AS1 promotes ESCC by upregulating SOX-4 
expression [13].  
 
LOC146880 is a Rho GTPase activating protein 27 
pseudogene 1 or ARHGAP27P1-derived lncRNA, 
which is located at chromosome 17q24.1; genetic 
variants in this region are associated with increased 
susceptibility of prostate and lung cancers [14, 15]. 
Pseudogene-derived lncRNAs modulate biological 
functions similar to other classical lncRNAs, and play a 
vital role in cancers such as ESCC [16]. Pseudogene-
derived lncRNAs such as PHBP1, PTTG3P, and 
FTH1P3 function as tumor promoters or tumor 
suppressors in ESCC [17–19]. 
 
A previous study showed that high expression of 
LOC146880 was significantly associated with worse 
prognosis of lung cancer patients [20]. Deng et al 
showed that PM2.5 exposure enhanced epithelial-
mesenchymal transition (EMT) of lung cancer cells by 
increasing the levels of reactive oxygen species (ROS), 
autophagy, and LOC146880 [21]. These findings 
suggested that LOC146880 functioned as a tumor 
promoter in lung cancer. Conversely, LOC146880 was 
significantly downregulated in gastric cancer tissues; 
LOC146880 overexpression significantly reduced their 
proliferation, invasion, and migration of gastric cancer 
cells [22]. This suggested that LOC146880 played 
contradictory roles in lung and gastric cancers. The role 
of LOC146880 in ESCC is not well studied. Therefore, 
in this study, we investigated the role of LOC146880 in 
ESCC growth and progression. 
 
RESULTS 
 
LOC146880 is overexpressed in ESCC tissues and 
cells  
 
The expression of LOC146880 was significantly 
upregulated in ESCC tissues compared to adjacent 
normal esophageal tissues (n = 21; Figure 1A). Kaplan-
Meier survival analysis showed that overall survival of 
patients with high LOC146880 expression was 
significantly lower than those with low LOC146880 
expression (Figure 1B). Moreover, expression of 
LOC146880 was significantly higher in ESCC cell lines 
(EC109, TE-1, Kyse30, Kyse70, Kyse150 and 
Kyse410) compared to the human esophageal epithelial 
cells (HEECs) (Figure 1C). The expression of 
LOC146880 was highest in Kyse30 and TE-1 cells 
among the ESCC cell lines (Figure 1C). Hence, Kyse30 
and TE-1 cells were chosen for further experiments. 
FISH analysis confirmed LOC146880 was over-
expression in Kyse30 and TE-1 cells (Figure 1D).  

LOC146880 is transcriptionally activated in ESCC 
by H3K27 acetylation and CBP 
 
Furthermore, we explored the mechanisms that promote 
higher LOC146680 expression levels in ESCC cells. 
Bioinformatics analysis (https://genome.ucsc.edu/) 
showed enrichment of H3K27ac levels in the promoter 
region of LOC146880 (Figure 1E). ChIP assay results 
confirmed that H3K27ac levels were higher in the 
LOC146880 promoter region of Kyse30 and TE-1 
cells compared to the HEEC cells (Figure 1F). 
Previous studies have shown that CREB-binding 
protein (CBP) plays a key role in chromatin 
acetylation [23]. Therefore, we estimated CBP protein 
levels in the LOC146680 promoter region of ESCC 
and HEEC cells. ChIP assay with anti-CBP antibody 
showed that CBP protein levels were significantly 
higher in the LOC146680 promoter region of both 
Kyse30 and TE-1 cells compared to the HEEC cells 
(Figure 1G). Furthermore, H3K27ac levels were 
significantly reduced in the LOC146680 promoter 
region of CBP-silenced ESCC cells (Figure 1H, 1I). 
This correlated with reduced LOC146880 expression 
in CBP-silenced ESCC cells (Figure 1J). Taken 
together, these results showed that increased CBP-
mediated histone acetylation in the LOC146880 
promoter upregulated the levels of LOC146880 in 
ESCC tissues and cells.  
 
LOC146880 silencing decreases proliferation, 
survival, and EMT of ESCC cells  
 
We transfected Kyse30 and TE-1 cells with si-NC 
(scrambled control), si-LOC146880 #1, si-LOC146880 
#2, and si-LOC146880 #3 to knockdown the 
expression of LOC146880. QRT-PCR analysis showed 
that the expression levels of LOC146880 were 
significantly reduced in si-LOC146880#1 and si-
LOC146880#2-transfected Kyse30 and TE-1 cells 
compared to si-NC-transfected Kyse30 and TE-1 cells 
(Figure 2A). Therefore, we used si-LOC146880 #1 and 
si-LOC146880 #2 for further experiments. 
LOC146880 silencing significantly reduced the colony 
formation ability of Kyse30 and TE-1 cells (Figure 
2B). LOC146880 knockdown significantly reduced 
Ki67 protein levels in Kyse30 and TE-1 cells (Figure 
2C). Moreover, knockdown of LOC146880 
significantly reduced migration and invasiveness of 
Kyse30 and TE-1 cells (Supplementary Figure 1A, 1B; 
Figure 2D–2F). Furthermore, LOC146880 knockdown 
significantly increased E-cadherin (epithelial cell 
marker) and significantly reduced N-cadherin and 
vimentin (mesenchymal cell markers), in Kyse30 and 
TE-1 cells (Figure 2H). Flow cytometry analysis 
showed increased apoptosis of LOC146880 knock-
down ESCC cells compared to si-NC-transfected 
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Figure 1. LOC146880 expression is upregulated in ESCC tissues and cells. (A) The expression levels of LOC146880 in 21 pairs of 
ESCC and adjacent normal esophageal tissues. (B) Kaplan-Meier survival curve analysis shows overall survival of ESCC patients with high- 
and low-expression levels of LOC146880 (n = 81). (C) QRT-PCR analysis shows LOC146880 expression levels in human esophageal epithelial 
cells and ESCC cell lines (EC109, TE-1, Kyse30, Kyse70, Kyse150, and Kyse410). (D) FISH analysis shows LOC146880 expression in ESCC and 
normal esophageal tissues. (E) Bioinformatics analysis (https://genome.ucsc.edu/) shows H3K27ac levels in the promoter region of 
LOC146880. (F) ChIP assay analysis with anti- H3K27ac antibody shows H3K27ac levels in the LOC146880 promoter of HEEC, Kyse30, and TE-
1 cells. (G) ChIP assay analysis with anti-CBP antibody shows CBP protein levels in the LOC146880 promoter of HEEC, Kyse30, and TE-1 cells. 
(H) Western blot analysis shows CBP protein levels in control and CBP-silenced Kyse30, and TE-1 cells. (I) ChIP assay analysis shows H3K27ac 
levels in the LOC146880 promoter of control and CBP-silenced Kyse30, and TE-1 cells. (J) QRT-PCR analysis shows LOC146880 expression 
levels in control and CBP-silenced Kyse30 and TE-1 cells. *P < 0.05, **P < 0.01, ***P < 0.001. 
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ESCC cells (Figure 2G and Supplementary Figure 1C). 
LOC146880 silencing induced G1 phase cell cycle 
arrest in Kyse30 and TE-1 cells (Figure 2I and 
Supplementary Figure 1D). LOC146880 silenced 
ESCC cells showed significantly higher expression of 
pro-apoptotic proteins (cleaved Caspase-3 and Bax) 
and significantly lower expression of G1-phase-
promoting proteins (cyclinD1 and CDK4) (Figure 2J). 
These results demonstrate that LOC146880 regulates 
proliferation, survival, and EMT in ESCC cells. 
 
LOC146880 sponges miR-328-5p in ESCC cells  
 
Next, we analyzed the mechanism through which 
LOC146880 promoted ESCC progression. FISH assay 
analysis showed that LOC146880 was more abundant 
in the cytoplasm than in the nucleus of ESCC cells 
(Figure 3A, 3B). This suggested that LOC146880 
regulated target gene expression at the post-
transcriptional level. RIP assay with anti-Ago2-
antibody showed enriched binding of LOC146880 and 
miR-328-5p (Figure 3C). This suggested that 
LOC146880 potentially interacted with miRNAs  
such as miR-328-5p. Starbase2 database 
(http://starbase.sysu.edu.cn/) analysis identified 
potential miR-4715-3p, miR-328-5p, and miR-4492 
binding sites in the LOC146880 sequence. Dual 
luciferase reporter assay showed that all three miRNAs 
(miR-4715-3p, miR-328-5p and miR-4492) suppressed 
luciferase activity from the luciferase vector 
containing wild-type LOC146880, with miR-328-5p 
showing the strongest effect (Figure 3D). Furthermore, 
we constructed recombinant luciferase reporter 
plasmids with wild-type LOC146880 (LOC146880-
WT) or mutated LOC146880 (LOC146880-MUT) 
(Figure 3E). Dual luciferase reporter assay showed that 
miR-328-5p mimics significantly suppressed luciferase 
activity from LOC146880-WT, but did not inhibit 
luciferase activity from LOC146880-MUT (Figure 
3F). This suggested direct binding between 
LOC146880 and miR-328-5p. We then analyzed the 
expression levels of miR-328-5p in ESCC tissues and 
cell lines. MiR-328-5p expression levels were 
significantly reduced in ESCC tissues (TCGA-ESCC 
dataset and 21 paired ESCC tissues from Nanjing 
hospital) compared to adjacent normal esophageal 
tissues (Figure 3G, 3H). We observed inverse 
correlation between LOC146880 and miR-328-5p 
expression levels in ESCC and adjacent normal 
esophageal tissue samples (n = 21; R = –0.5542, P = 
0.009; Figure 3I). Moreover, LOC146880 knockdown 
increased the expression levels of miR-328-5p in both 
Kyse30 and TE-1 cells (Figure 3J). These results 
suggested that LOC146880 promoted ESCC 
progression by sponging miR-328-5p. 

MiR-328-5p plays a tumor suppressor role in ESCC 
cells 
 
QRT-PCR analysis confirmed that miR-328-5p levels 
were significantly upregulated in Kyse30 and TE-1 cells 
transfected with miR-328-5p mimics and significantly 
reduced in Kyse30 and TE-1 cells transfected with miR-
328-5p inhibitors (Figure 4A). Colony formation ability 
was significantly reduced in miR-328-5p mimic-
transfected ESCC cells and significantly increased in 
miR-328-5p inhibitor-transfected ESCC cells (Figure 
4B). Flow cytometry analysis showed that over-
expression of miR-328-5p significantly increased 
apoptosis and G1-phase cell cycle arrest of ESCC cells 
(Figure 4C, 4D). MiR-328-5p mimics decreased the 
levels of cell cycle proteins, cyclin-D1 and CDK4, and 
increased the levels of pro-apoptotic proteins (cleaved 
Caspase3 and Bax) in ESCC cells, whereas, miR-328-
5p inhibitors reversed these effects (Figure 4C–4E). 
MiR-328-5p over-expression inhibited the migration 
and invasiveness of Kyse30 and TE-1 cells, whereas, 
miR-328-5p inhibitors reversed these effects (Figure 4F, 
4G). Furthermore, Kyse30 and TE-1 cells co-transfected 
with miR-328-5p inhibitors and si-LOC146880#2 
showed significantly reduced migration and 
invasiveness compared to those transfected with miR-
328-5p inhibitors alone (Figure 4F, 4G). Kyse30 and 
TE-1 cells transfected with miR-328-5p inhibitors also 
showed reduced E-cadherin and increased N-cadherin 
and Vimentin expression levels, but these effects were 
reversed by LOC146880 knockdown (Figure 4H). 
These results demonstrated that miR-328-5p 
knockdown promoted EMT of ESCC cells via 
LOC146880. 
 
FSCN1 is the target gene of miR-328-5p in ESCC 
 
Next, we searched TCGA, miRDB, and miRWalk 
databases and identified 7 potential target genes of miR-
328-5p including FSCN1 (Figure 5A). We focused on 
the function of FSCN1 in ESCC cells. Fascin 1 
(FSCN1) promotes progression of bladder cancer and 
non-small cell lung cancer cells [24, 25]. Dual 
luciferase reporter assays showed that miR-328-5p 
mimics significantly reduced luciferase activity in 
Kyse30 cells co-transfected with luciferase vector with 
wild-type 3′UTR of FSCN1 (FSCN1-WT), but did not 
affect luciferase activity in Kyse30 cells co-transfected 
with luciferase vector with mutated 3′UTR of FSCN1 
(FSCN1-MUT) (Figure 5B). Moreover, luciferase 
activity was significantly reduced in LOC146880-
silenced Kyse30 cells transfected with the FSCN1-WT 
luciferase vector, but these effects were reversed by co-
transfecting LOC146880-silenced Kyse30 cells with 
miR-328-5p inhibitors (Figure 5C).  

http://starbase.sysu.edu.cn/


www.aging-us.com 14202 AGING 

 
 
Figure 2. Knockdown of LOC146880 inhibits growth and progression of ESCC cells. (A) QRT-PCR analysis shows LOC146880 
expression levels in ESCC cells transfected with si-NC (scrambled control siRNA), si-LOC146880#1, si-LOC146880#2, and si-LOC146880#3. (B) 
Colony formation assay results show viability of Kyse30 and TE-1 cells respectively transfected with si-NC, si-LOC146880#1, or 
si-LOC146880#2. (C) Immunofluorescence assay results show Ki-67 expression levels in control and LOC146880-silenced Kyse30 and TE-1 
cells. (D) 3-dimensional spheroid assay results show the migration ability of control and LOC146880-silenced Kyse30 and TE-1 cells. 
(E) Wound healing assay results show the migration ability of control and LOC146880-silenced Kyse30 and TE-1 cells. (F) Transwell assay 
results show the invasiveness of control and LOC146880-silenced Kyse30 and TE-1 cells. (G) Flow cytometry analysis shows apoptotic rates 
of control and LOC146880-silenced Kyse30 and TE-1 cells. (H) Western blot analysis shows expression levels of E-cadherin (epithelial cell 
marker) as well as N-cadherin and vimentin (mesenchymal cell markers) in control and LOC146880-silenced Kyse30 and TE-1 cells. (I) Flow 
cytometry analysis shows cell cycle distribution of control and LOC146880-silenced Kyse30 and TE-1 cells. (J) Western blot analysis shows 
the levels of pro-apoptotic proteins (cleaved caspase-3 and Bax) and cell cycle proteins (cyclinD1 and CDK4) in control and LOC146880-
silenced Kyse30 and TE-1 cells. *P < 0.05, **P < 0.01, ***P < 0.001. 
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Figure 3. LOC146880 sponges miR-328-5p in ESCC cells. (A) FISH analysis shows localization of LOC146880 (green) in the cytoplasm 
and nucleus (blue) of Kyse30 and TE-1 cells. (B) Relative levels of LOC146880 in the nuclear and cytosolic fractions of Kyse30 and TE-1 cells. 
U6 and GAPDH were used as controls for the nuclear and cytosolic fractions. (C) RIP assay shows fold enrichment of LOC146880 and miR-
328-5p in the anti-Ago2-antibody and IgG control groups. (D) Dual luciferase reporter assay results show relative luciferase activity of 
Kyse30 cells co-transfected with vector containing LOC146880-WT plus vectors containing one of the three miRNAs (miR-4715-3p, miR-328-
5p and miR-4492). (E) Predicted miR-328-5p seed region in the wild-type (WT) and mutated (Mut) LOC146880. (F) Dual luciferase reporter 
assay shows relative luciferase activity in Kyse30 cells co-transfected with luciferase reporter plasmid containing wild type (WT) or mutant 
(Mut) LOC146880 and miR-328-5p mimics, miRNA-328-5p NC act as control. (G) TCGA database analysis shows expression levels of miR-
328-5p in ESCC (N = 183) and adjacent normal esophageal tissues (N = 12). (H) QRT-PCR analysis shows expression levels of miR-328-5p in 
21 pairs of ESCC and paracancerous esophageal tissues. (I) Spearman’s rank correlation analysis shows inverse relationship between 
LOC146880 and miR-328-5p expression levels in the 21 pairs of ESCC and paracancerous esophageal samples. (J) QRT-PCR analysis shows 
expression levels of miR-328-5p in control and LOC146880 silenced Kyse30 and TE-1 cells. *P < 0.05, **P < 0.01, ***P < 0.001. 
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Figure 4. MiR-328-5p functions as a tumor suppressor in ESCC cells. (A) QRT-PCR analysis shows the expression levels of miR-328-
5p in Kyse30 and TE-1 cells transfected with negative control (miR-NC), miR-328-5p mimics, and miR-328-5p inhibitors. (B) Colony 
formation assay results show the viability of ESCC cells transfected with miR-328-5p mimics and miR-328-5p inhibitors. (C) Flow cytometry 
analysis shows the apoptotic rate of ESCC cells transfected with miR-328-5p mimics and miR-328-5p inhibitors. (D) Flow cytometry analysis 
shows cell cycle distribution of ESCC cells transfected with miR-328-5p mimics and miR-328-5p inhibitors. (E) Western blot analysis 
demonstrates the expression levels of pro-apoptotic (cleaved caspase 3 and Bax) and cell cycle-related proteins (CDK4 and cyclinD1) in 
ESCC cells transfected with miR-328-5p mimics and miR-328-5p inhibitors. (F–G) wound healing and Transwell invasion assays show the (F) 
migration and (G) invasiveness of ESCC cells transfected with scrambled, si-LOC146880#2, miR-328-5p inhibitors, miR-328-5p inhibitors plus 
si-LOC146880#. (H) Western blot analysis shows the expression levels of EMT-related proteins, namely, E-cadherin, N-cadherin, and 
vimentin in ESCC cells transfected with scrambled, si-LOC146880#2, miR-328-5p inhibitors, miR-328-5p inhibitors plus si-LOC146880#. 
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We then performed IHC assays to compare expression 
of FSCN1 in ESCC and adjacent normal esophageal 
tissues. As expected, FSCN1 protein level was higher in 
tumor tissues than in adjacent tissues (Figure 5D). 
Immunocytochemistry (ICC) assays showed that 
FSCN1 protein levels were significantly higher in the 
cytoplasm than the nucleus in cells within ESCC tissues 
(Figure 5E). QRT-PCR analysis showed that FSCN1 
expression levels were significantly higher in ESCC 
tissues compared to adjacent normal esophageal tissues 
(Figure 5F). We observed negative correlation between 
FSCN1 and miR-328-5p expression levels in ESCC 
tissues (Supplementary Figure 2A). In contrast, FSCN1 
expression positively correlated with LOC146880 
expression levels in ESCC tissues (Supplementary 
Figure 2B). Moreover, inhibition of miR-328-5p 
significantly upregulated FSCN1 levels, whereas, miR-
328-5p overexpression suppressed FSCN1 levels in 
ESCC cells (Figure 5G). Furthermore, knockdown of 
LOC146880 down-regulated the expression of FSCN1 
in ESCC cells (Figure 5H).  
 
FSCN1 knockdown significantly reduced colony 
formation ability of ESCC cells compared to the controls 
(Figure 5I and Supplementary Figure 2C). Flow 
cytometric analysis showed that silencing of FSCN1 
increased apoptosis and G0/G1 phase cell cycle arrest of 
ESCC cells (Figure 5J, 5K and Supplementary Figure 
2D, 2E). Western blot analysis showed that FSCN1 
silencing decreased pro-caspase3, cyclin D1, and CDK4 
protein levels, and increased cleaved caspase3 and Bax 
protein levels (Figure 5L). Furthermore, silencing of 
FSCN1 suppressed invasiveness and migration ability of 
Kyse30 and TE-1 cells co-transfected with miR-328-5p 
inhibitors compared to the corresponding controls (Figure 
5M, 5N and Supplementary Figure 2F, 2G). 
 
LOC146880/miR-328-5p/FSCN1 axis promotes 
ESCC progression via MAPK signaling pathway 
 
Previous studies showed that FSCN1 promoted breast 
cancer and non-small cell lung cancer progression 
through the MAPK pathway [25, 26]. Therefore, we 
analyzed MEK1/2, ERK1/2, phosphorylated MEK1/2 
and phosphorylated ERK1/2 levels in ESCC cells. 
Reduced expression of FSCN1 decreased FSCN1, 
phospho-MEK1/2, and phospho-ERK1/2 levels in 
ESCC cells (Figure 6A). Furthermore, overexpression 
of miR-328-5p significantly decreased FSCN1, 
phospho-MEK1/2, and phospho-ERK1/2 levels in 
ESCC cells, but these effects were reversed by miR-
328-5p inhibitors (Figure 6B). Moreover, LOC146880 
silencing downregulated the expression of FSCN1, 
phospho-MEK1/2, and phospho-ERK1/2 levels in 
ESCC cells (Figure 6C), but these effects were reversed 
by miR-328-5p inhibitors (Figure 6D). Taken together, 

these data demonstrated that LOC146880 enhanced 
growth and progression of ESCC by sponging miR-328-
5p and upregulating FSCN1 and MAPK signaling 
pathway (Figure 6E). 
 
LOC146880 knockdown inhibits in vivo ESCC 
growth and progression  
 
Next, we analyzed the in vivo growth and progression 
of xenografted sh-NC- and sh-LOC146880-transfected 
ESCC cells. We injected twenty male BALB/c nude 
mice with sh-NC or sh-LOC146880-transfected 
Kyse30 cells. The sh-LOC146880 group showed 
significant reduction in tumor volume and tumor mass 
compared to the sh-NC group (Figure 7A–7D). We 
then generated the liver metastasis model mice by 
injecting sh-NC- or sh-LOC146880-transfected Kyse30 
cells under the splenic capsule of the nude mice. The 
number of visible metastatic tumor nodules on the liver 
surface were significantly reduced in the sh-
LOC146880 group compared to the sh-NC group 
(Figure 7E). Furthermore, LOC146880 and FSCN1 
expression levels were significantly reduced and miR-
328-5p levels were significantly increased in the 
xenograft tumors derived from the sh-LOC146880 
group compared to those from the sh-NC group (Figure 
7F–7H). Immunohistochemical staining demonstrated 
reduced expression of FSCN1 and Ki-67 proteins in the 
xenograft tumors derived from the sh-LOC146880 
group compared to the sh-NC group (Figure 7I). 
Furthermore, IHC results showed significantly higher 
numbers of cleaved caspase3-positive cells in the 
xenograft tumors derived from the sh-LOC146880 
group compared to the control group (Figure 7I). These 
results confirmed that LOC146880 promoted in vivo 
ESCC growth and progression.  
 
DISCUSSION 
 
Pseudogene-derived lncRNAs play a critical role in 
malignant tumors. LncRNA LOC146880 promotes lung 
cancer, but suppresses growth and progression of gastric 
cancer cells [21, 22]. In the current study, we 
demonstrated that LOC146880 promoted ESCC 
progression by activating the MAPK signaling pathway 
via miR-328-5p/FSCN1 axis. 
 
Our study demonstrated that LOC146880 was 
significantly overexpressed in ESCC tissues compared 
to the adjacent non-tumor esophageal tissues. 
Furthermore, higher expression of LOC146880 
correlated with worse prognosis of ESCC patients. 
LOC146880 knockdown suppressed in vitro 
proliferation, migration and invasion of ESCC cells. 
Moreover, LOC146880 knockdown suppressed EMT 
and increased apoptosis as well as G1 phase cell cycle 
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Figure 5. FSCN1 is a direct target of miR-328-5p and enhances the progression of ESCC cells. (A) TCGA, miRDB and miRWalk 
database analyses show that FSCN1 is a potential miR-328-5p target gene (FGF19, EN1, ADAM8, ELFN2, FSCN1, CLDN6, IFIT1). (B) The 
predicted miR-328-5p seed region in the wild-type (WT) and mutated (Mut) 3′UTR of FSCN1 is shown in the top panel. Dual luciferase 
reporter assay results (bottom panel) show relative luciferase activity of Kyse30 cells co-transfected with luciferase reporter plasmids 
containing wild-type or mutated 3′UTR of FSCN1 (WT or Mut) and miR-328-5p mimics, miR-NC act as control. (C) Dual luciferase reporter 
assay results show luciferase activity in control or LOC146880-silenced Kyse30 cells transfected with luciferase reporter vector with wild-
type or mutated 3′UTR of FSCN1 plus miR-NC or miR-328-5p inhibitors. (D) IHC assay shows higher FSCN1 expression level in tumor tissues 
than in adjacent tissues. (E) ICC assay shows localization of FSCN1 in the cytoplasm and nucleus of ESCC cells. (F–H) QRT-PCR analysis shows 
expression levels of FSCN1 transcripts in (F) 21 pairs of esophageal cancer and adjacent normal esophageal tissues, (G) ESCC cells 
transfected with miR-NC, miR-328-5p mimics, and miR-328-5p inhibitors, and (H) control and LOC146880-silenced ESCC cells. (I) Colony 
formation assay results show the viability of si-NC and si-FCSN1-transfected Kyse30 and TE-1 cells. (J–K) Flow cytometry analysis shows (J) 
apoptotic rate and (K) cell cycle distribution of si-NC and si-FCSN1-transfected Kyse30 and TE-1 cells. (L) Western blot analysis shows the 
levels of apoptosis-related proteins (cleaved caspase 3 and Bax) and cell cycle proteins (cyclinD1 and CDK4) in si-NC and si-FCSN1-
transfected Kyse30 and TE-1 cells. (M–N) Wound-healing and Transwell invasion assay results show (M) migration and (N) invasiveness of 
si-NC and si-FCSN1-transfected Kyse30 and TE-1 cells. *P < 0.05, **P < 0.01, ***P < 0.001. 
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arrest of ESCC cells. LOC146880 knockdown increased 
the expression of pro-apoptotic proteins, cleaved 
caspase-3 and Bax. In vivo tumor growth and metastasis 
of xenografted LOC146880 knockdown ESCC cells 
was significantly lower compared to sh-NC-transfected 
ESCC cells. These results demonstrated that lncRNA 
LOC146880 acted as an oncogene in ESCC. Overall, 
LOC146880 knockdown suppressed in vitro and in vivo 
ESCC growth and progression via miR-328-
5p/FSCN1/MAPK axis. 
 
LncRNAs act as ceRNAs for specific miRNAs, thereby 
regulating the expression of miRNA-targeted genes 
[27–29]. In this study, bioinformatics analysis, dual 
luciferase reporter assays, and RIP assays demonstrated 
that miR-328-5p was the target miRNA for 
LOC146880. MiR-328-5p plays an oncogenic role in 
hepatocellular carcinoma, lung cancer, and breast 
cancer [30–32]. However, miR-328 functions as a 
tumor suppressor in cervical cancer, gastric cancer, and 
nasopharyngeal carcinoma [33–35]. Moreover, 
overexpression of miR-328 inhibited proliferation and 
invasion of EC109 and EC9706 esophageal cancer cells 
[36]. In this study, we demonstrated that miR-328-5p 
overexpression induced G1 phase cell cycle arrest and 

suppressed proliferation, invasion, migration, and EMT 
of ESCC cells. However, these effects were reversed by 
miR-328 knockdown. Moreover, increased pro-
liferation, invasion, migration, and EMT of miR-328-5p 
inhibitor-transfected ESCC cells were reversed by 
LOC146880 knockdown. 
 
Bioinformatics analysis and dual luciferase reporter 
assay results confirmed that FSCN1 was the target gene 
of miR-328-5p. FSCN1 is a member of the fascin 
family of actin-binding proteins, and regulates cellular 
migration, motility, adhesion, and inter-cellular 
interactions [37]. The oncogenic role of FSCN1 has 
been described in multiple cancers including ESCC [24, 
38–40]. FSCN1 is targeted by multiple lncRNA-
miRNA pairs in ESCC such as PVT1-miR-145, TTN-
AS1-miR-133, and ROR-miR-145 [41–43]. Our study 
demonstrated that FSCN1 was up-regulated in ESCC 
tissues and its knockdown significantly reduced 
proliferation, invasion and migration of ESCC cells. 
Knockdown of LOC146880 significantly suppressed 
FSCN1 expression, whereas, inhibition of miR-328-5p 
up-regulated the expression of FSCN1 in ESCC cells. 
MiR-328-5p silencing reversed the effects of FSCN1 
knockdown and increased the invasion and migration of 

 

 
 
Figure 6. FSCN1 regulates ESCC cell growth and progression via MAPK signaling pathway in a LOC146880-dependent manner. 
(A–D) Western blotting analysis shows levels of FSCN1 and MAPK signaling pathway proteins, MEK (1/2), ERK (1/2), p-MEK (1/2) and p-ERK (1/2) 
in (A) Kyse30, TE-1 transfected with control and si-FSCN1, (B) Kyse30 and TE-1 cells transfected with miR-NC, miR-328-5p mimics and miR-328-5p 
inhibitors, and (C) control and LOC146880-silenced ESCC cells, (D) Kyse30 and TE-1 cells transfected with scrambled, si-LOC146880#2, miR-328-5p 
inhibitors, miR-328-5p inhibitors plus si-LOC146880#. (E) Schematic representation shows that H3K27 acetylation-induced LOC146880 over-
expression promotes ESCC growth and progression by upregulating FSCN1/MAPK signaling pathway via sponging of miR-328-5p. 
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Figure 7. LOC146880 silencing reduces in vivo ESCC growth and progression. (A) Representative images show nude mice 
xenografted with sh-NC-transfected Kyse30 cells (upper, n = 10) and sh-LOC146880-transfected Kyse30 cells (lower, n = 10). (B) 
Representative images show ESCC-derived tumor xenografts from nude mice injected with sh-NC-transfected Kyse30 cells (upper) and sh-
LOC146880-transfected Kyse30 cells (lower). (C) Tumor volumes of sh-NC and sh-LOC146880 groups of ESCC xenograft tumors in nude 
mice. (D) Tumor mass of sh-NC and sh-LOC146880 groups of ESCC xenograft tumors in nude mice. (E) Representative images and 
quantitative analysis show the number of metastatic tumor nodules in the liver of nude mice belonging to sh-NC and sh-LOC146880 groups. 
(F–G) QRT-PCR analysis of (F) LOC146880 and (G) miR-328-5p expression levels in xenograft tumors from sh-NC and sh-LOC146880 groups. 
(H) Western blot analysis shows FSCN1 protein levels in xenograft tumors from sh-NC and sh-LOC146880 groups. (I) Immunohistochemical 
staining and Tunel Staining show3 expression levels of FSCN1, Ki-67 and apoptotic cells in xenograft tumor sections from sh-NC and sh-
LOC146880 groups. 
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ESCC cells. Furthermore, knockdown of LOC146880 
reduced the levels of p-ERK and p-MEK, key members 
of the MAPK signaling pathway. In contrast, miR-328-
5p silencing increased p-ERK and p-MEK levels. 
Moreover, miR-328-5p inhibitors enhanced MAPK 
pathway activation in LOC146880-silenced ESCC cells. 
These findings suggested that LOC146880 enhanced 
ESCC progression by sponging miR-328-5p, thereby 
upregulating FSCN1 and MAPK signaling pathway 
activation. 
 
Previous studies have shown that expression of 
pseudogene-derived lncRNAs is regulated mainly by 
epigenetic mechanisms [44, 45]. In this study, we 
demonstrated that acetylated histone H3 (H3K27ac) 
levels were upregulated in the LOC146880 promoter. 
ChIP assay analysis confirmed that H3K27ac levels 
were significantly higher in the LOC146880 promoter 
region of ESCC cells and tissues compared to their 
corresponding controls. We further analyzed the 
expression of CBP, a key regulator of chromatin 
acetylation, in the promoter region of LOC146880. As 
expected, CBP levels were significantly enriched in the 
LOC146880 promoter region of both KYSE30 and 
TE-1 cells compared to HEEC cells. Moreover, the 
expression of LOC146880 was significantly reduced by 
CBP silencing. These results suggested that 
LOC146880 expression was induced by increased CBP 
and histone acetylation in its promoter region in the 
ESCC cells and tissues. 
 
In conclusion, our study demonstrated that pseudogene-
derived lncRNA LOC146880 promoted in vitro and 
in vivo growth and progression of ESCC cells by 
increasing the expression of FSCN1 and MAPK 
signaling pathway activation via sponging of miR-328-
5p. Therefore, our study shows that LOC146880-miR-
328-5p-FSCN1 axis is a promising therapeutic target in 
ESCC. 
 
MATERIALS AND METHODS 
 
ESCC tissue samples  
 
In this study, 21 ESCC tissues were collected from 
ESCC patients that underwent esophagectomy from 
2016 to 2018 at the First Affiliated Hospital of Nanjing 
Medical University. The adjacent non-tumor tissues 
from each ESCC patients were collected act as control. 
All patients were diagnosed with ESCC based on 
histopathological evaluation and did not receive 
chemotherapy or radiotherapy before esophagectomy. 
All tissue samples were frozen in liquid nitrogen 
immediately and then stored at –80°C for further 
analyses. This study was approved by the Research 
Ethics Committee of Nanjing Medical University. We 

obtained written informed consent from all patients 
before conducting the study. 
 
Cell culture and transfections 
 
We purchased six human ESCC cell lines (ECA109, 
TE-1, Kyse-30, Kyse-70, Kyse-150 and Kyse-410) and 
normal human esophageal epithelial cell line (HEEC) 
from the Cell Bank of Chinese Academy of Sciences 
(Shanghai, China). The cells were cultured in RPMI-
1640 medium supplemented with 10% fetal bovine 
serum (FBS), 100 units of penicillin/mL and 100 ng of 
streptomycin/mL at 37oC and 5% CO2. We purchased 
3 LOC146880-specific si-RNAs (si-LOC146880 #1, si-
LOC146880 #2, and si-LOC146880#3), miR-328-5p 
mimics, miR-328-5p inhibitors, si-FSCN1, and 
corresponding non-specific controls from Invitrogen, 
USA. We also purchased short hairpin RNA (shRNAs) 
against LOC146880 (sh-LOC146880) from Sangon 
Biotech Co. Ltd. (Shanghai, China).  
 
Quantitative RT-PCR  
 
Total RNA was isolated from tissues or cells using 
Trizol (Invitrogen, USA) according to manufacturer’s 
recommendations. Then, RNA (1 μg) samples were 
reverse transcribed into complementary DNA (cDNA) 
using the Prime Script Reverse Transcription Kit 
(Takara Bio, Inc., Otsu, Japan). We then designed and 
purchased Bulge-loop™ miRNA qRT-PCR primers (one 
RT primer and a pair of qRT-PCR primers for each set) 
specific for miR-328-5p from RiboBio (Guangzhou, 
China). Quantitative polymerase chain reaction (qPCR) 
was performed using gene-specific primer sets and 
SYBR Premix Ex Taq (Takara Bio, Inc.) in an ABI 
StepOne Plus system (Applied Biosystems, CA, USA). 
The reaction conditions were 1 cycle of 95°C for 30 s 
followed by 45 cycles of 95°C for 5 s and 60°C for 30 s. 
All samples were analyzed in triplicate. Each 
experiment was repeated three times. The expression 
levels of target genes relative to β-actin were 
determined relative to β-actin by the 2−ΔΔCt method. The 
expression levels of miRNAs were normalized to U6. 
The qPCR primer sequences used in this study are 
shown in Supplementary Table 1. 
 
Protein extraction and western blotting 
 
Total protein extracts from ESCC tissue samples and 
cultured ESCC cells were prepared with ice-cold RIPA 
buffer containing protease inhibitors. The cleared 
protein lysates were obtained by centrifugation at 
10,000 rpm for 15 min at 4°C and quantified using BCA 
Protein Quantitation Assay (KeyGEN, China) with 
bovine serum albumin (BSA) as standard. The protein 
samples (30 µg) were separated by SDS polyacrylamide 
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gel electrophoresis (SDS-PAGE), transferred to 
polyvinylidene fluoride (PVDF) membranes, and 
blocked using 5% skimmed milk for 30 mins. Then, the 
membranes were incubated overnight at 4oC with 
specific primary antibodies against CDK4 (Abcam; 
ab137675; 1:1000), cyclinD1 (Abcam; ab226977; 
1:2000), Caspase-3 (Cell Signaling Technology; 9662S; 
1:1000), cleaved Caspase-3 (Cell Signaling 
Technology; 9664S; 1:2000), Bax (Abcam; ab53154; 
1:1000), E-cadherin (Abcam; ab15148; 1:2000), 
N-cadherin (Abcam; ab18203; 1:2000), Vimentin 
(Abcam; ab137321; 1:1000), and mouse anti-β-actin 
antibody (Abcam; ab8227; 1:5000). Then, the blots 
were incubated with HRP-conjugated anti-rabbit IgG 
antibody (Abcam; ab205718; 1:20000) or HRP-
conjugated anti-mouse IgG antibody (Abcam; 
ab205719; 1:2000) for 1 h at room temperature. The 
blots were then developed with enhanced 
chemiluminescence (ECL; Cell Signaling Technology). 
The density of the protein bands was quantified using 
Image J software version 1.42q (National Institutes of 
Health, Bethesda, Maryland, USA). 
 
RNA immunoprecipitation  
 
We performed RNA immunoprecipitation (RIP) assay 
with anti-Ago2 antibodies using the Magna RIP™ 
RNA-Binding Protein Immunoprecipitation Kit 
(Millipore, Billerica, MA, USA). Briefly, cells were 
incubated with the RIP lysis buffer for 30 min. Then, 
the crude cellular lysate was incubated at 4°C for 60 
min with protein A magnetic beads conjugated with 
anti-Ago2 antibodies (Abcam; Cat. No. ab32381) or 
normal mouse IgG (Abcam). The levels of miRNAs and 
LOC146880 in the immunoprecipitated RNA were 
analyzed by qRT-PCR. Total RNA was used as input 
control. 
 
Colony formation assay 
 
ESCC cells (1000 cells/well) in RPMI-1640 containing 
10% FBS were cultured in a six-well plate in an 
humidified incubator at 5% CO2 and 37°C for 2 weeks. 
The medium was changed every third day. After two 
weeks, the colonies were fixed in methanol for 30 min 
and stained with 0.1% crystal violet (Sigma-Aldrich, 
USA) for 15 mins. The number of colonies (50 cells or 
more) in each experimental group were counted under a 
light microscope (Olympus, Tokyo, Japan). 
 
Immunofluorescence 
 
Immunofluorescence staining of ESCC cells with anti-
Ki67 and anti-FSCN1 antibodies was performed as 
described previously [46]. Briefly, cells were washed 
thrice in cold 0.01M PBS, and fixed in 4% 

paraformaldehyde for 30 min at room temperature. The 
cells were then incubated with immunostaining 
blocking buffer containing 0.25% Triton X-100 
(Beyotime, Shanghai, China) for 10 min, washed thrice 
with PBS, and blocked with 5% BSA at room 
temperature for 1 h. Subsequently, cells were incubated 
overnight at 4°C with rabbit anti-Ki67 antibody (1:100; 
ab15580; Abcam, Cambridge, MA, USA) followed by 
incubation with Alexa Fluor 488-conjugated anti-rabbit 
secondary antibody (Abcam; 1:500; ab150077) for 1h at 
room temperature. The cells were counterstained with 
DAPI (nuclear dye) at room temperature for 15 min. 
Finally, all samples were photographed and analyzed 
using a Leica TCS SP8-MaiTai MP confocal laser 
scanning microscope (Leica, Wetzlar, Germany). 
 
Transwell invasion assay 
 
Transwell invasion assay was performed in Boyden 
chambers (BD Bio-sciences). We seeded 4 × 104 ESCC 
or HEEC cells in serum-free RPMI-1640 medium per 
well in the top chamber and RPMI-1640 medium with 
10% FBS in the bottom chamber. The chambers were 
incubated at 37°C and 5%CO2. After 24 h, the cells in 
the top chamber were removed with a cotton swab. The 
cells in the membrane were fixed in 4% 
paraformaldehyde for 15 min followed by staining with 
0.1% crystal violet (Beyotime, China) for 15 min. The 
stained cells in each well were counted in five random 
fields and photographed under a light microscope. 
 
Wound healing assay 
 
ESCC or HEEC cells were seeded in a six-well plate at 
a density of 5 × 104 cells/well and cultured until they 
reached 80–90% confluency. Then, the cellular 
monolayer was wounded by scratching with a P200 
pipette tip. The non-adherent cells were removed by 
washing with culture medium. Then, the cells were 
incubated at 37°C for 48 h and photographed to identify 
the gap area.  
 
Dual luciferase reporter assay 
 
We cloned wild type or mutated LOC146880 and 3′-
untranslated regions (3′-UTR) of FSCN1 into the 
pGL3-basic luciferase reporter vector (Promega, 
USA). Then, we co-transfected ESCC cells with 400 
ng of recombinant pGL3 vectors for LOC146880 
(pGL3-LOC146880-WT, pGL3-LOC146880-WT, or 
empty pGL3 empty vector) or recombinant pGL3 
vectors for FSCN1 (pGL3-FSCN1-WT, pGL3-FSCN1-
MUT, or empty pGL3 vector) plus 40 ng of pRL-TK 
plasmid (Renilla luciferase control vector) plus 50 nM 
miR-4715-3p mimic, miR-328-5p mimic, miR-4492 
mimic or corresponding negative controls (miR-NC). 
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After 48 h, the cells were harvested and firefly and 
Renilla luciferase activities were estimated using dual-
luciferase reporter assay system (Promega, USA) 
according to the manufacturer’s protocol. Renilla 
luciferase activity was used to normalize transfection 
efficiency. 
 
Flow cytometry  
 
For analyzing cellular apoptosis, ESCC cells (Kyse30 
and Te-1) were first trypsinized for 5 min and then 
incubated in the dark for 20 min at room temperature 
with staining buffer containing 5μL of 7-AAD and 5μL 
of APC-conjugated Annexin V. The stained cells were 
analyzed in a FACScan flow cytometer (BD Biosciences, 
Franklin Lakes, USA). The percentage of apoptotic cells 
treated with Annexin-V FITC/PI in all experimental 
groups were calculated using the ModFit 3.0 software 
(Verity Software House, Topsham, ME, USA). 
 
For cell cycle analysis, logarithmically growing ESCC 
and HEEC cells were fixed overnight with cold 70% 
alcohol. Then, they were incubated at room temperature 
for 30 min with 50mg/L RNaseA, and stained in the 
dark with propidium iodide (BD Biosciences, Franklin, 
NJ, USA) for 30 min at 37°C. The stained cells were 
analyzed using a FACScan flow cytometer (BD 
Biosciences, NJ, USA) and the percentage of G1, S, and 
G2-M cells were calculated using the ModFit 3.0 
software (Verity Software House, Topsham, ME, USA). 
 
Fluorescence in situ hybridization (FISH) 
 
We fixed Kyse30 and Te-1 cells in 4% formaldehyde. 
The fixed ESCC cells were then incubated overnight at 
4°C with hybridization buffer containing the 0.3–0.6 
μM LOC-146880 probe labeled by Cy3(Sangon 
Biotech). Then, the probe signal was developed using 
the Fluorescent In Situ Hybridization Kit (GenePharma, 
China) according to the manufacturer’s instructions. 
The nuclei were stained with DAPI (Sigma) for 10 min. 
The images were captured with the Nikon Ni-U 
fluorescence microscope (Nikon, Japan). 
 
Animal experiments 
 
Twenty male Balb/c nude mice (4–6 weeks old) were 
obtained from the Shanghai Laboratory Animal Center 
(Chinese Academy of Sciences, Shanghai, China), and 
maintained in a pathogen-free, temperature- and 
humidity-controlled environment (25 ± 2°C, 50 ± 5% 
humidity). The animal experiments were performed in 
accordance to the Animal Management Rule (Document 
55, 2001) of the Chinese Ministry of Health and the 
protocols approved by the Ethics Committee of Nanjing 
University.  

For the subcutaneous xenograft tumor experiments, the 
nude mice were injected subcutaneously with Kyse30 
cells (3 × 106) stably transduced with sh-NC or sh-
LOC146880 (n = 10 per group) into either side of the 
axillary area. The length (L) and width (W) of the 
tumors were measured once a week. The tumor volume 
was estimated as V = 0.5 × L × W2. The xenograft 
tumor-laden nude mice were euthanized after four 
weeks and the subcutaneous tumors were photographed. 
The tumor tissues were cut and preserved at −80°C for 
further experiments.  
 
For in vivo metastasis experiments, four-week-old 
BALB/c nude mice were randomly divided into two 
experimental groups (n = 10 for each group). After 
anesthesia, the mouse spleen was surgically exposed 
and 5 × 106 sh-LOC1466880 or sh-NC-transfected 
Kyse30 cells were slowly injected under the splenic 
capsule. Five minutes after injection, the spleen was 
removed. Two months later, the mice were sacrificed 
and the livers were initially examined by the naked eye. 
The metastatic colonies on the liver were visually 
counted in both groups. 
 
Immunohistochemistry (IHC) 
 
The murine xenograft tumor specimens were stained with 
antibodies against FSCN1 (Abcam; ab126772; 1:500), 
Ki-67 (Abcam; ab15580; 1:200) and Cleaved Caspase-3 
(Abcam; ab2302; 1:20) and the staining intensity was 
measured in both groups. Immunohistochemical staining 
of 4 µm-thick TMA slides with ESCC and adjacent 
normal esophageal tissue samples was performed as 
previously described [47]. 
 
3D spheroidal cell migration assay 
 
ESCC cells (5 × 103 cells per well) were seeded in 
low-adherence round-bottom 96-well plates (Nunc). 
After 2 days of spheroid formation, the supernatant was 
replaced with three-dimensional collagen I gel. To assist 
with collagen polymerization, we carefully added 1M 
sodium hydroxide (NaOH) to adjust the pH to 7.5. The 
images (4× magnification) were photographed at 0 and 
48 h using the EVOS Cell Imaging System (Advanced 
Microscopy Group). 
 
Statistical analysis 
 
The experimental data was analyzed using the 
GraphPad Prism Software 6.0 (GraphPad Software Inc., 
USA). The data between two groups were analyzed 
using paired or unpaired two-tailed Student’s t tests. 
A two-tailed Pearson’s correlation test was used to 
estimate association between LOC146880, miR-328-5p, 
and FSCN1 expression levels in ESCC and adjacent 
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normal esophageal tissues. The data between multiple 
groups was analyzed using one-way ANOVA with 
Tukey’s post hoc test. Kaplan-Meier survival curve 
analysis was performed using the Kaplan-Meier Plotter 
database (https://kmplot.com/analysis/). All data are 
represented as means ± SEM. P < 0.05 was considered 
statistically significant. 
 
Availability of data and materials 
 
The datasets from the current study are available 
from the corresponding author on reasonable 
request. 
 
Abbreviations 
 
lncRNAs: long noncoding RNAs; ESCC: esophageal 
squamous cell carcinoma; RIP: RNA 
immunoprecipitation; EC: esophageal cancer; miRNA: 
MicroRNA; EMT: Epithelial-mesenchymal transition; 
HEEC: human esophageal epithelial cell line; FBS: fetal 
bovine serum; PVDF: polyvinylidene fluoride; TBST: 
tris-buffered saline plus tween; HRP: horseradish 
peroxidase; BSA: bovine serum albumin; UTR: 
untranslated region; FISH: fluorescence in situ 
hybridization; IHC: immunohistochemistry; NaOH: 
sodium hydroxide; CBP: CREB-binding protein; 
ceRNAs: competing endogenous RNAs; miRNPs: 
MiRNA ribonucleoprotein complexes; ChIP-seq: 
chromatin immunoprecipitation sequencing; H3K27ac: 
acetylation of histone H3 lysine 27. 
 
AUTHOR CONTRIBUTIONS 
 
Conception and design: Jianwei Tang and Liang 
Chen; Development of methodology: Jiangwei Tang, 
Wei Wen and Jun Wang; Data acquisition: Jianwei 
Tang, Honglei Xu, Zhihua Li, Jianan Zheng, Zhibo 
Wang, Qiang Liu, Cheng Pan, Jun Wang and Wei 
Wen; Data analysis and interpretation: Jianwei Tang 
and Honglei Xu; Writing, review and/or revision of 
the manuscript: Jianwei Tang, Honglei Xu, Qiang Liu 
and Liang Chen; Study supervision: Liang Chen, 
Quan Zhu. All authors read and approved the final 
manuscript. 
 
ACKNOWLEDGMENTS 
 
We thank the staff of the School of Life Sciences, 
Nanjing University for providing laboratory equipment 
and technical assistance. 
 
CONFLICTS OF INTEREST 
 
The authors declare no conflicts of interest related to 
this study. 

FUNDING 
 
This study was financially supported by grants from the 
National Natural Science Foundation of China (Grant 
No. 81972175), Major Program of Science and 
Technology Foundation of Jiangsu Province (Grant No. 
BE2018746), Program of Jiangsu Medical Innovation 
Team (Grant No. CXTDA2017006), Jiangsu Top 
Expert Program in Six Professions (Grant No.WSW-
007), and Jiangsu Province 333 Talents Project (Grant 
No. BRA2017545).  
 
REFERENCES 
 
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 

Jemal A. Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 
36 cancers in 185 countries. CA Cancer J Clin. 2018; 
68:394–424. 
https://doi.org/10.3322/caac.21492 
PMID:30207593 

2. Arnold M, Soerjomataram I, Ferlay J, Forman D. 
Global incidence of oesophageal cancer by 
histological subtype in 2012. Gut. 2015; 64:381–87. 
https://doi.org/10.1136/gutjnl-2014-308124 
PMID:25320104 

3. Shapiro J, van Lanschot JJB, Hulshof MCCM, van 
Hagen P, van Berge Henegouwen MI, Wijnhoven BPL, 
van Laarhoven HWM, Nieuwenhuijzen GAP, Hospers 
GAP, Bonenkamp JJ, Cuesta MA, Blaisse RJB, Busch 
ORC, et al. Neoadjuvant chemoradiotherapy plus 
surgery versus surgery alone for oesophageal or 
junctional cancer (CROSS): long-term results of a 
randomised controlled trial. Lancet Oncol. 2015; 
16:1090–98. 
https://doi.org/10.1016/S1470-2045(15)00040-6 
PMID:26254683 

4. Yan J, Jia Y, Chen H, Chen W, Zhou X. Long non-coding 
RNA PXN-AS1 suppresses pancreatic cancer 
progression by acting as a competing endogenous 
RNA of miR-3064 to upregulate PIP4K2B expression. 
J Exp Clin Cancer Res. 2019; 38:390. 
https://doi.org/10.1186/s13046-019-1379-5 
PMID:31488171 

5. Hui B, Xu Y, Zhao B, Ji H, Ma Z, Xu S, He Z, Wang K, Lu 
J. Overexpressed long noncoding RNA TUG1 affects 
the cell cycle, proliferation, and apoptosis of 
pancreatic cancer partly through suppressing RND3 
and MT2A. Onco Targets Ther. 2019; 12:1043–57. 
https://doi.org/10.2147/OTT.S188396 
PMID:30787623 

6. Huarte M. The emerging role of lncRNAs in cancer. 
Nat Med. 2015; 21:1253–61. 

https://kmplot.com/analysis/
https://doi.org/10.3322/caac.21492
https://pubmed.ncbi.nlm.nih.gov/30207593
https://doi.org/10.1136/gutjnl-2014-308124
https://pubmed.ncbi.nlm.nih.gov/25320104
https://doi.org/10.1016/S1470-2045(15)00040-6
https://pubmed.ncbi.nlm.nih.gov/26254683
https://doi.org/10.1186/s13046-019-1379-5
https://pubmed.ncbi.nlm.nih.gov/31488171
https://doi.org/10.2147/OTT.S188396
https://pubmed.ncbi.nlm.nih.gov/30787623


www.aging-us.com 14213 AGING 

https://doi.org/10.1038/nm.3981 
PMID:26540387 

 7. Li Z, Mu D, Xu B, Wang C, Cheng H, Li S, Qi J. Drainage 
Collection After Endoscopic-Assisted Transaxillary 
Dual-Plane Augmentation Mammaplasty Using Cold 
or Electrosurgical Separation of Interpectoral Space. 
Plast Surg (Oakv). 2020; 28:19–28. 
https://doi.org/10.1177/2292550319880913 
PMID:32110642 

 8. Dykes IM, Emanueli C. Transcriptional and Post-
transcriptional Gene Regulation by Long Non-coding 
RNA. Genomics Proteomics Bioinformatics. 2017; 
15:177–86. 
https://doi.org/10.1016/j.gpb.2016.12.005 
PMID:28529100 

 9. Marchese FP, Raimondi I, Huarte M. The 
multidimensional mechanisms of long noncoding RNA 
function. Genome Biol. 2017; 18:206. 
https://doi.org/10.1186/s13059-017-1348-2 
PMID:29084573 

10. Tay Y, Rinn J, Pandolfi PP. The multilayered 
complexity of ceRNA crosstalk and competition. 
Nature. 2014; 505:344–52. 
https://doi.org/10.1038/nature12986 
PMID:24429633 

11. Karreth FA, Pandolfi PP. ceRNA cross-talk in cancer: 
when ce-bling rivalries go awry. Cancer Discov. 2013; 
3:1113–21. 
https://doi.org/10.1158/2159-8290.CD-13-0202 
PMID:24072616 

12. Chang ZW, Jia YX, Zhang WJ, Song LJ, Gao M, Li MJ, 
Zhao RH, Li J, Zhong YL, Sun QZ, Qin YR. LncRNA-
TUSC7/miR-224 affected chemotherapy resistance of 
esophageal squamous cell carcinoma by 
competitively regulating DESC1. J Exp Clin Cancer Res. 
2018; 37:56. 
https://doi.org/10.1186/s13046-018-0724-4 
PMID:29530057 

13. Wang G, Zhao W, Gao X, Zhang D, Li Y, Zhang Y, Li W. 
HNF1A-AS1 promotes growth and metastasis of 
esophageal squamous cell carcinoma by sponging 
miR-214 to upregulate the expression of SOX-4. Int J 
Oncol. 2017; 51:657–67. 
https://doi.org/10.3892/ijo.2017.4034 
PMID:28656277 

14. Luedeke M, Rinckleb AE, FitzGerald LM, Geybels MS, 
Schleutker J, Eeles RA, Teixeira MR, Cannon-Albright 
L, Ostrander EA, Weikert S, Herkommer K, Wahlfors 
T, Visakorpi T, et al, and PRACTICAL consortium. 
Prostate cancer risk regions at 8q24 and 17q24 are 
differentially associated with somatic TMPRSS2:ERG 
fusion status. Hum Mol Genet. 2016; 25:5490–99. 

https://doi.org/10.1093/hmg/ddw349 
PMID:27798103 

15. Seow WJ, Matsuo K, Hsiung CA, Shiraishi K, Song M, 
Kim HN, Wong MP, Hong YC, Hosgood HD 3rd, Wang 
Z, Chang IS, Wang JC, Chatterjee N, et al. Association 
between GWAS-identified lung adenocarcinoma 
susceptibility loci and EGFR mutations in never-
smoking Asian women, and comparison with findings 
from Western populations. Hum Mol Genet. 2017; 
26:454–65. 
https://doi.org/10.1093/hmg/ddw414 
PMID:28025329 

16. Lou W, Ding B, Fu P. Pseudogene-Derived lncRNAs 
and Their miRNA Sponging Mechanism in Human 
Cancer. Front Cell Dev Biol. 2020; 8:85. 
https://doi.org/10.3389/fcell.2020.00085 
PMID:32185172 

17. Feng F, Qiu B, Zang R, Song P, Gao S. Pseudogene 
PHBP1 promotes esophageal squamous cell 
carcinoma proliferation by increasing its cognate 
gene PHB expression. Oncotarget. 2017; 8:29091–
100. 
https://doi.org/10.18632/oncotarget.16196 
PMID:28404970 

18. Zhang Z, Shi Z. The Pseudogene PTTG3P Promotes 
Cell Migration and Invasion in Esophageal Squamous 
Cell Carcinoma. Open Med (Wars). 2019; 14:516–22. 
https://doi.org/10.1515/med-2019-0057 
PMID:31346548 

19. Yang L, Sun K, Chu J, Qu Y, Zhao X, Yin H, Ming L, Wan 
J, He F. Long non-coding RNA FTH1P3 regulated 
metastasis and invasion of esophageal squamous cell 
carcinoma through SP1/NF-kB pathway. Biomed 
Pharmacother. 2018; 106:1570–77. 
https://doi.org/10.1016/j.biopha.2018.07.129 
PMID:30119232 

20. Feng N, Ching T, Wang Y, Liu B, Lin H, Shi O, Zhang X, 
Zheng M, Zheng X, Gao M, Zheng ZJ, Yu H, Garmire L, 
Qian B. Analysis of Microarray Data on Gene 
Expression and Methylation to Identify Long Non-
coding RNAs in Non-small Cell Lung Cancer. Sci Rep. 
2016; 6:37233. 
https://doi.org/10.1038/srep37233 
PMID:27849024 

21. Deng X, Feng N, Zheng M, Ye X, Lin H, Yu X, Gan Z, 
Fang Z, Zhang H, Gao M, Zheng ZJ, Yu H, Ding W, Qian 
B. PM2.5 exposure-induced autophagy is mediated by 
lncRNA loc146880 which also promotes the migration 
and invasion of lung cancer cells. Biochim Biophys 
Acta Gen Subj. 2017; 1861:112–25. 
https://doi.org/10.1016/j.bbagen.2016.11.009 
PMID:27836757 

https://doi.org/10.1038/nm.3981
https://pubmed.ncbi.nlm.nih.gov/26540387
https://doi.org/10.1177/2292550319880913
https://pubmed.ncbi.nlm.nih.gov/32110642
https://doi.org/10.1016/j.gpb.2016.12.005
https://pubmed.ncbi.nlm.nih.gov/28529100
https://doi.org/10.1186/s13059-017-1348-2
https://pubmed.ncbi.nlm.nih.gov/29084573
https://doi.org/10.1038/nature12986
https://pubmed.ncbi.nlm.nih.gov/24429633
https://doi.org/10.1158/2159-8290.CD-13-0202
https://pubmed.ncbi.nlm.nih.gov/24072616
https://doi.org/10.1186/s13046-018-0724-4
https://pubmed.ncbi.nlm.nih.gov/29530057
https://doi.org/10.3892/ijo.2017.4034
https://pubmed.ncbi.nlm.nih.gov/28656277
https://doi.org/10.1093/hmg/ddw349
https://pubmed.ncbi.nlm.nih.gov/27798103
https://doi.org/10.1093/hmg/ddw414
https://pubmed.ncbi.nlm.nih.gov/28025329
https://doi.org/10.3389/fcell.2020.00085
https://pubmed.ncbi.nlm.nih.gov/32185172
https://doi.org/10.18632/oncotarget.16196
https://pubmed.ncbi.nlm.nih.gov/28404970
https://doi.org/10.1515/med-2019-0057
https://pubmed.ncbi.nlm.nih.gov/31346548
https://doi.org/10.1016/j.biopha.2018.07.129
https://pubmed.ncbi.nlm.nih.gov/30119232
https://doi.org/10.1038/srep37233
https://pubmed.ncbi.nlm.nih.gov/27849024
https://doi.org/10.1016/j.bbagen.2016.11.009
https://pubmed.ncbi.nlm.nih.gov/27836757


www.aging-us.com 14214 AGING 

22. Zhang G, Xu Y, Zou C, Tang Y, Lu J, Gong Z, Ma G, 
Zhang W, Jiang P. Long noncoding RNA ARHGAP27P1 
inhibits gastric cancer cell proliferation and cell cycle 
progression through epigenetically regulating p15 
and p16. Aging (Albany NY). 2019; 11:9090–110. 
https://doi.org/10.18632/aging.102377 
PMID:31665700 

23. Bose DA, Donahue G, Reinberg D, Shiekhattar R, 
Bonasio R, Berger SL. RNA Binding to CBP Stimulates 
Histone Acetylation and Transcription. Cell. 2017; 
168:135–149.e22. 
https://doi.org/10.1016/j.cell.2016.12.020 
PMID:28086087 

24. Gao R, Zhang N, Yang J, Zhu Y, Zhang Z, Wang J, Xu X, 
Li Z, Liu X, Li Z, Li J, Kong C, Bi J. Long non-coding RNA 
ZEB1-AS1 regulates miR-200b/FSCN1 signaling and 
enhances migration and invasion induced by TGF-β1 
in bladder cancer cells. J Exp Clin Cancer Res. 2019; 
38:111. 
https://doi.org/10.1186/s13046-019-1102-6 
PMID:30823924 

25. Zhao D, Zhang T, Hou XM, Ling XL. Knockdown of 
fascin-1 expression suppresses cell migration and 
invasion of non-small cell lung cancer by regulating 
the MAPK pathway. Biochem Biophys Res Commun. 
2018; 497:694–99. 
https://doi.org/10.1016/j.bbrc.2018.02.134 
PMID:29458026 

26. Wang CQ, Li Y, Huang BF, Zhao YM, Yuan H, Guo D, Su 
CM, Hu GN, Wang Q, Long T, Wang Y, Tang CH, Li X. 
EGFR conjunct FSCN1 as a Novel Therapeutic Strategy 
in Triple-Negative Breast Cancer. Sci Rep. 2017; 
7:15654. 
https://doi.org/10.1038/s41598-017-15939-9 
PMID:29142206 

27. Zang B, Zhao J, Chen C. LncRNA PCAT-1 Promoted 
ESCC Progression via Regulating ANXA10 Expression 
by Sponging miR-508-3p. Cancer Manag Res. 2019; 
11:10841–49. 
https://doi.org/10.2147/CMAR.S233983 
PMID:31920393 

28. Tang Y, Yang P, Zhu Y, Su Y. LncRNA TUG1 contributes 
to ESCC progression via regulating miR-148a-3p/MCL-
1/Wnt/β-catenin axis in vitro. Thorac Cancer. 2020; 
11:82–94. 
https://doi.org/10.1111/1759-7714.13236 
PMID:31742924 

29. Li Y, Chen D, Gao X, Li X, Shi G. LncRNA NEAT1 
Regulates Cell Viability and Invasion in Esophageal 
Squamous Cell Carcinoma through the miR-
129/CTBP2 Axis. Dis Markers. 2017; 2017:5314649. 
https://doi.org/10.1155/2017/5314649 
PMID:29147064 

30. Liang F, Cui ZJ, Liu JD, Liu KP, Li L, Chen YL. 
Downregulated miR-328 suppressed cell invasion and 
growth in hepatocellular carcinoma via targeting 
PTEN. Eur Rev Med Pharmacol Sci. 2018; 22:6324–32. 
https://doi.org/10.26355/eurrev_201810_16043 
PMID:30338800 

31. Arora S, Ranade AR, Tran NL, Nasser S, Sridhar S, Korn 
RL, Ross JT, Dhruv H, Foss KM, Sibenaller Z, Ryken T, 
Gotway MB, Kim S, Weiss GJ. MicroRNA-328 is 
associated with (non-small) cell lung cancer (NSCLC) 
brain metastasis and mediates NSCLC migration. Int J 
Cancer. 2011; 129:2621–31. 
https://doi.org/10.1002/ijc.25939 
PMID:21448905 

32. Saberi A, Danyaei A, Neisi N, Dastoorpoor M, 
Tahmasbi Birgani MJ. MiR-328 May be Considered as 
an Oncogene in Human Invasive Breast Carcinoma. 
Iran Red Crescent Med J. 2016; 18:e42360. 
PMID:28203454 

33. Wang X, Xia Y. microRNA-328 inhibits cervical cancer 
cell proliferation and tumorigenesis by targeting 
TCF7L2. Biochem Biophys Res Commun. 2016; 
475:169–75. 
https://doi.org/10.1016/j.bbrc.2016.05.066 
PMID:27181358 

34. Yan BL, Li XL, An JY. MicroRNA-328 acts as an 
anti-oncogene by targeting ABCG2 in gastric 
carcinoma. Eur Rev Med Pharmacol Sci. 2019; 
23:6148–59. 
https://doi.org/10.26355/eurrev_201907_18428 
PMID:31364115 

35. Lin CH, Chiang MC, Chen YJ. MicroRNA-328 inhibits 
migration and epithelial-mesenchymal transition by 
targeting CD44 in nasopharyngeal carcinoma cells. 
Onco Targets Ther. 2018; 11:2375–85. 
https://doi.org/10.2147/OTT.S151665 
PMID:29740213 

36. Han N, Zhao W, Zhang Z, Zheng P. MiR-328 
suppresses the survival of esophageal cancer cells by 
targeting PLCE1. Biochem Biophys Res Commun. 
2016; 470:175–80. 
https://doi.org/10.1016/j.bbrc.2016.01.020 
PMID:26773497 

37. Tubb B, Mulholland DJ, Vogl W, Lan ZJ, Niederberger 
C, Cooney A, Bryan J. Testis fascin (FSCN3): a novel 
paralog of the actin-bundling protein fascin expressed 
specifically in the elongate spermatid head. Exp Cell 
Res. 2002; 275:92–109. 
https://doi.org/10.1006/excr.2002.5486 
PMID:11925108 

38. Chen Y, Tian T, Li ZY, Wang CY, Deng R, Deng WY, 
Yang AK, Chen YF, Li H. FSCN1 is an effective marker 

https://doi.org/10.18632/aging.102377
https://pubmed.ncbi.nlm.nih.gov/31665700
https://doi.org/10.1016/j.cell.2016.12.020
https://pubmed.ncbi.nlm.nih.gov/28086087
https://doi.org/10.1186/s13046-019-1102-6
https://pubmed.ncbi.nlm.nih.gov/30823924
https://doi.org/10.1016/j.bbrc.2018.02.134
https://pubmed.ncbi.nlm.nih.gov/29458026
https://doi.org/10.1038/s41598-017-15939-9
https://pubmed.ncbi.nlm.nih.gov/29142206
https://doi.org/10.2147/CMAR.S233983
https://pubmed.ncbi.nlm.nih.gov/31920393
https://doi.org/10.1111/1759-7714.13236
https://pubmed.ncbi.nlm.nih.gov/31742924
https://doi.org/10.1155/2017/5314649
https://pubmed.ncbi.nlm.nih.gov/29147064
https://doi.org/10.26355/eurrev_201810_16043
https://pubmed.ncbi.nlm.nih.gov/30338800
https://doi.org/10.1002/ijc.25939
https://pubmed.ncbi.nlm.nih.gov/21448905
https://pubmed.ncbi.nlm.nih.gov/28203454
https://doi.org/10.1016/j.bbrc.2016.05.066
https://pubmed.ncbi.nlm.nih.gov/27181358
https://doi.org/10.26355/eurrev_201907_18428
https://pubmed.ncbi.nlm.nih.gov/31364115
https://doi.org/10.2147/OTT.S151665
https://pubmed.ncbi.nlm.nih.gov/29740213
https://doi.org/10.1016/j.bbrc.2016.01.020
https://pubmed.ncbi.nlm.nih.gov/26773497
https://doi.org/10.1006/excr.2002.5486
https://pubmed.ncbi.nlm.nih.gov/11925108


www.aging-us.com 14215 AGING 

of poor prognosis and a potential therapeutic target 
in human tongue squamous cell carcinoma. Cell 
Death Dis. 2019; 10:356. 
https://doi.org/10.1038/s41419-019-1574-5 
PMID:31043585 

39. Arlt MJ, Kuzmanov A, Snedeker JG, Fuchs B, Silvan U, 
Sabile AA. Fascin-1 enhances experimental 
osteosarcoma tumor formation and metastasis and is 
related to poor patient outcome. BMC Cancer. 2019; 
19:83. 
https://doi.org/10.1186/s12885-019-5303-3 
PMID:30654764 

40. Akanuma N, Hoshino I, Akutsu Y, Murakami K, Isozaki 
Y, Maruyama T, Yusup G, Qin W, Toyozumi T, 
Takahashi M, Suito H, Hu X, Sekino N, Matsubara H. 
MicroRNA-133a regulates the mRNAs of two 
invadopodia-related proteins, FSCN1 and MMP14, in 
esophageal cancer. Br J Cancer. 2014; 110:189–98. 
https://doi.org/10.1038/bjc.2013.676 
PMID:24196787 

41. Shen SN, Li K, Liu Y, Yang CL, He CY, Wang HR. Down-
regulation of long noncoding RNA PVT1 inhibits 
esophageal carcinoma cell migration and invasion and 
promotes cell apoptosis via microRNA-145-mediated 
inhibition of FSCN1. Mol Oncol. 2019; 13:2554–73. 
https://doi.org/10.1002/1878-0261.12555 
PMID:31369196 

42. Lin C, Zhang S, Wang Y, Wang Y, Nice E, Guo C, Zhang 
E, Yu L, Li M, Liu C, Hu L, Hao J, Qi W, Xu H. Functional 
Role of a Novel Long Noncoding RNA TTN-AS1 in 
Esophageal Squamous Cell Carcinoma Progression 
and Metastasis. Clin Cancer Res. 2018; 24:486–98. 
https://doi.org/10.1158/1078-0432.CCR-17-1851 
PMID:29101304 

43. Shang M, Wang X, Zhang Y, Gao Z, Wang T, Liu R. 
LincRNA-ROR promotes metastasis and invasion of 
esophageal squamous cell carcinoma by regulating 
miR-145/FSCN1. Onco Targets Ther. 2018; 11:639–49. 
https://doi.org/10.2147/OTT.S157638 
PMID:29430188 

44. Shahabi S, Kumaran V, Castillo J, Cong Z, Nandagopal 
G, Mullen DJ, Alvarado A, Correa MR, Saizan A, Goel 
R, Bhat A, Lynch SK, Zhou B, et al. LINC00261 Is an 
Epigenetically Regulated Tumor Suppressor Essential 
for Activation of the DNA Damage Response. Cancer 
Res. 2019; 79:3050–62. 
https://doi.org/10.1158/0008-5472.CAN-18-2034 
PMID:30796052 

45. Chao TC, Zhang Q, Li Z, Tiwari SK, Qin Y, Yau E, 
Sanchez A, Singh G, Chang K, Kaul M, Karris MAY, 
Rana TM. The Long Noncoding RNA HEAL Regulates 
HIV-1 Replication through Epigenetic Regulation of 
the HIV-1 Promoter. mBio. 2019; 10:e02016–19. 
https://doi.org/10.1128/mBio.02016-19 
PMID:31551335 

46. Li JM, Li YC, Kong LD, Hu QH. Curcumin inhibits 
hepatic protein-tyrosine phosphatase 1B and 
prevents hypertriglyceridemia and hepatic steatosis 
in fructose-fed rats. Hepatology. 2010; 51:1555–66. 
https://doi.org/10.1002/hep.23524 
PMID:20222050 

47. Wang YY, Sun G, Luo H, Wang XF, Lan FM, Yue X, Fu LS, 
Pu PY, Kang CS, Liu N, You YP. MiR-21 modulates hTERT 
through a STAT3-dependent manner on glioblastoma 
cell growth. CNS Neurosci Ther. 2012; 18:722–28. 
https://doi.org/10.1111/j.1755-5949.2012.00349.x 
PMID:22709411 

 
  

https://doi.org/10.1038/s41419-019-1574-5
https://pubmed.ncbi.nlm.nih.gov/31043585
https://doi.org/10.1186/s12885-019-5303-3
https://pubmed.ncbi.nlm.nih.gov/30654764
https://doi.org/10.1038/bjc.2013.676
https://pubmed.ncbi.nlm.nih.gov/24196787
https://doi.org/10.1002/1878-0261.12555
https://pubmed.ncbi.nlm.nih.gov/31369196
https://doi.org/10.1158/1078-0432.CCR-17-1851
https://pubmed.ncbi.nlm.nih.gov/29101304
https://doi.org/10.2147/OTT.S157638
https://pubmed.ncbi.nlm.nih.gov/29430188
https://doi.org/10.1158/0008-5472.CAN-18-2034
https://pubmed.ncbi.nlm.nih.gov/30796052
https://doi.org/10.1128/mBio.02016-19
https://pubmed.ncbi.nlm.nih.gov/31551335
https://doi.org/10.1002/hep.23524
https://pubmed.ncbi.nlm.nih.gov/20222050
https://doi.org/10.1111/j.1755-5949.2012.00349.x
https://pubmed.ncbi.nlm.nih.gov/22709411


www.aging-us.com 14216 AGING 

SUPPLEMENTARY MATERIALS 
 
Supplementary Figures 
 

 
 
Supplementary Figure 1. Effects of LOC146880 silencing on migration, invasion, apoptosis and cell cycle distribution of 
ESCC cells. (A) Wound healing assay analysis of control and LOC146880 knockdown Kyse30 and Te-1 cells. (B) Transwell invasion assay 
analysis of control and LOC146880 knockdown Kyse30 and Te-1 cells. (C–D) Flow cytometry analyses of (C) apoptosis and (D) cell cycle 
distribution of control and LOC146880 knockdown Kyse30 and Te-1 cells. 
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Supplementary Figure 2. FSCN1 expression correlates with miR-328-5p and LOC146880 expression levels in ESCC cells. (A–B) 
Spearman’s correlation analysis shows (A) inverse relationship between FSCN1 and miR-328-5p expression levels, and (B) positive 
correlation between FSCN1 and LOC146880 expression levels in ESCC tissues. (C) Colony formation assay analysis of control and FSCN1-
knockdown Kyse30 and TE-1 cells. (D–E) Flow cytometry analyses of apoptosis and cell cycle distribution of control and FSCN1-knockdown 
Kyse30 and TE-1 cells. (F–G) Wound healing and Transwell invasion assay analyses of control and FSCN1-knockdown Kyse30 and TE-1 cells 
co-transfected with or without miR-328-5p inhibitors. 
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Supplementary Table 
 
Supplementary Table 1. Information of the qPCR primer sequences and silencing RNA sequences. 

qPCR primer name Sequence (5′–3′) 
LOC146880 (Forward) AACTAAGGCACGGTCAACTATCA 
LOC146880 (Reverse) GGAAACTTTGGCTTTAAAACGA 
miR-328-5p (Forward) GGGGGGCAGGAGGGGC 
miR-328-5p (Reverse) AGTGCAGGGTCCGAGGTATT 

FSCN1 (Forward) CCAGGGTATGGACCTGTCTG 
FSCN1 (Reverse) CGCCACTCGATGTCAAAGTA 

  

ChIP qPCR primer name Sequence (5′–3′) 
LOC146880 promoter-F TTTTCCACCCTGGCCACAAGGC 
LOC146880 promoter-R TTCCTCTCTCAGGGTCTCGGTTT 

  

Silencing RNA name Sequence (5′–3′) 
LOC146880 si#1 GACCAAGACUACCCACAAUCUTT 
LOC146880 si#2 GCGACUCAGAGAACGUCUAAGTT 
LOC146880 si#3 GGCAGAUUUAGUUAAGCUCUCTT 

FSCN1 si#1 CCCUUGCCUUUCAAACUGGAAdTdT 
miR-328-5p mimics GGGGGGGCAGGAGGGGCUCAGGG 

miR-328-5p inhibitor CCCUGAGCCCCUCCUGCCCCCCC 

  
Short harpin RNA name Sequence (5′-3′) 

LOC146880 shRNA CCGGGCGACTCAGAGAACGTCTAAGTTCTCGAGAACTTAGACGTTCTCTGAGTCGC 
TTTTTG 

 


